Populations of the high altitude anostracan Branchinecta papillata from the type locality in the Atacama Altiplano (Iquique province, Chile) and from the Cumbres Calchaquíes (Tucumán province, Argentina) and specimens of B. achalensis from the type locality (La Posta, Pampa de Achala, Córdoba province, Argentina) were compared and new observations on the morphological diversity of the species were made. A basal branching in the male antenna 2 distal article, only observed in one branchinectid to date, was found in the Argentinean populations of both species.
INTRODUCTION
Branchinectidae is the most diverse anostracan family in South America, with eighteen representatives recognized so far. Among these, only two species, Branchinecta pollicifera Harding, 1940 and Branchinecta ferrolimneta Rogers and Ferreira, 2007 are not recorded from Argentina. The genus is widespread throughout this extensive country (César, 1989a; Cohen, 1998) . Branchinecta papillata Rogers, De los Ríos and Zúñiga, 2008 was described from neighboring Chile (Rogers et al., 2008) on the basis of material collected from chlorinated and sulphated shallow pools at an altitude of 3730 m near the road of Salar de Coposa, in Atacama, 20 • 40 11 S, 68
• 42 15 W. Lepthestheria tucumanensis Halloy, 1979 was described as a high altitude spinicaudatan (above 4000 m altitude), in vegas and lagoons from Huaca Huasi, Cumbres Calchaquíes, Tucumán province (Argentina). Halloy also reported the presence of several adult and juvenile anostracans cohabiting with L. tucumanensis in one of these lagoons, Laguna Circular (4225 m altitude), sampled between 1974 and 1977 (Halloy, 1979) . Unfortunately those specimens were not identified at that time. Recently, B. papillata was reported from Cumbres Calchaquíes (Tucumán province, Argentina) (Cohen, 2010) . This material was compared to those unidentified anostracans collected by Halloy from the same area.
As frequently happens with branchiopods, the Chilean and Argentinean populations of B. papillata share the diagnostic features of the species but show certain variability in many morphological traits. In this paper, the morphological diversity displayed by the species in both populations is described. * Corresponding author; e-mail: cohen@bg.fcen.uba.ar Rogers et al. (2008) considered that B. papillata is closely related to B. achalensis César, 1985 based on the morphology of the male second antenna and the female abdominal and genital segments. A population of B. achalensis from the type locality vicinity was compared with the Tucumán population of B. papillata to verify this assertion. A basal branching in the male antenna 2 distal article not previously described, close to the joint with the basal article, was found in the Argentinean populations of both species. Other anostracan families have genera with or without branching in the proximal part of the distal article, but B. paludosa (Müller, 1788) has been so far the only reported branchinectid with a small proximal branch on this article; B. papillata and B. achalensis here are reported as additional Branchinectidae with a branched distal article.
MATERIALS AND METHODS
Specimens of B. papillata recently collected and additional samples of the same area have been loaned by the Curator of the Invertebrate Collection of the Miguel Lillo Foundation (Tucumán province, Argentina). Intraspecific morphological comparisons were made between the material examined and the original description of the species. Specimens of B. achalensis from the vicinity of the typical locality, as well as published descriptions were used for interspecific comparison. Cohen (2010) presented a distribution map of B. papillata and a description of the Argentinean sampling site. The material was observed under Leica MZ8 stereoscopic microscope, and measured by means of an ocular millimeter scale; drawings were made with the aid of a camera lucida, and female and male specimens of B. papillata were dissected. Mouthparts and both thoracopods of each of the Table 1 . Number of anterior setae in endites 3, 4 and 5 (or 4, 5 and 6 in Rogers et al., 2008) Male (Table 1 ).-Mean total length from the anterior margin of the head to the end of the telson is 10.7 mm (9.8-11.3 mm), a little smaller than Chilean population males. Cercopods are 1.5-1.6 mm long.
On the head, as in the Chilean population, males from Tucumán also present lateral projections at the anterior head edge between the insertion of both antennae 2 and projecting beyond the general contour of the head. At Tucumán, small rounded mounds on the sides and anterior to the naupliar eye, which Rogers et al. (2008) referred as sensu Cohen, 1992 , have not been observed.
Pedunculate eye has a diameter of 0.5 mm. Antenna 1 as usual is filiform and slender, 1.4-1.7 mm long. As in the Chilean population, the mean antenna 1 length/antenna 2 basal article length is 0.5. Male antenna 1 length is little more than three times the diameter of the pedunculate eye (0.49-0.54 mm), and twice the length of the eye plus peduncle (0.76-0.81 mm). In the original description, this last ratio was established only in the female, but it seems clear from the male head figures (Rogers et al., 2008: Figs 2A, 3B ) that this ratio is similar in males from both populations. In the Tucumanian population, not only the antenna 1 length, but also the whole eye (eye plus peduncle length and eye diameter) are bigger in the male than in the female.
The "rounded bulge" described by Rogers et al. (2008) on the anterior surface and midway the basal antenna 2 article seems smooth in head lateral view (Rogers et al., 2008 : Fig. 2A) , and no armature was described on its surface. In the population from Tucumán, a proximal anteromedial bulge (PAMB) looks similar, but it bears on its medial surface several short triangular spines medially directed (Fig. 1A, B) . In both populations, this bulge gives a peculiar angled shape to the article. In addition, in the original description, this bulge is followed distally by several sessile spines (shown in Rogers et al., 2008: Fig. 2A) ; at Tucumán, these spines are not sessile but inserted on another more distal anteromedial bulge (DAMB), where the spines are bigger than those on the rounded preceding bulge, medially directed, and arranged in a transversal alignment, following an anterior-posterior axis (Fig. 1A, B) . In some specimens, both spiny bulges are prominent and partially visible in lateral view of the head.
The complete spiny pattern in the Tucumanian population is better observed in medial view of the antenna basal article (Fig. 1B) . In addition to the spiny bulges, some scattered little spines are located in the proximal half medial surface of the article (Fig. 1A, B) . On the distal half of the medial surface of the article, there starts a posteromedial row of spines, each one pointing medially. These spines gradually become bigger and curved in distal direction of the article, and the row leads to a distal posteromedial spiny group (PMS) projecting from a rather swollen cuticular area (Fig. 1A, B) ; here, the spines, some of them bifid, are the strongest of the article.
Very close to the junction with the basal article, in lateral and anterior view, the distal article shows an anterior small linguiform branching (SLB) (Fig. 1A-D ) not described in the Chilean population. Since this structure is placed in the basal more widened portion of the antenna distal article, it is more or less conspicuous in the fixed specimens depending on the degree of flexion of the distal article with respect to the basal article: when the whole antenna is extended, basal and distal articles are aligned and the most widened basal portion of the distal article remains partially hidden by the proximal article (Fig. 1A) ; on the other hand, when the antenna is flexed (Fig. 1C) , basal and distal article form an angle and the most widened basal portion of the distal article are completely exposed. In the latter case, the branching is more conspicuous.
Both edges of the distal gouge-shaped article are bordered by small denticles (Fig. 1A-D) ; in the Tucumanian population this is not a single row of spines as it was described in the Chilean population, but several parallel ones gradually more prominent towards the marginal row that delineates each edge (Fig. 1A) . The denticles bordering the anteromedial edge begin just at the junction with the basal article; those bordering the posteromedial edge, a little distally (Fig. 1B) . A lateral row of small denticulate spines on the lateral margin was not observed in the Argentinean population. The medial surface of the article is markedly concave and the lateral surface is convex. The triangular in cross section article shows at the tip a rasp-like area (R) (Fig. 1B, D ) with broad and truncate ornamentations instead of the fine denticles mentioned in the original description (Rogers et al., 2008: Fig. 3E-G) .
An asymmetric mandible occurs in the majority of anostracans. At the posterior tip, a tooth plus only one or a tuft of strong spine-like projections are present, both on the left and right mandibles, respectively. Maxilla 1 has 20-21 long setae, instead of 25-30 observed in the Chilean population, plus a strong spine on limb ventral tip; each seta carries small scattered blade-shaped setules on the basal half and plumose in the distal half as usual; a long strong spine reaches to the limit between basal and distal halves of setose setae. Maxilla 2 is typical of the genus, with 8 plumose distal setae plus 2 anteriorly directed densely plumose setae, with setules all around. These setae were not observed in the Chilean population, wherein the maxilla 2 was described as a reduced and sub-conical appendage.
The first four pairs of thoracopods ( Fig. 2B ) exhibit a triangular endopod, elongated, rounded at the apex, one and a half to twice the length of exopod; the lower edge is slightly convex. From thoracopods 5 through 10, the endopods are triangular, gradually less elongated, rather pointed at the apex, and with the lower edge markedly convex. In the Chilean population, Rogers et al. (2008) sketched the "silhouette of endopod and exopod of fifth thoracopod" (Rogers et al., 2008: Fig. 3C ). However, in the Tucumanian population the shape of these lobes differs (Fig. 2B) . Through the thoracopod series, endopod gradually shortens with respect to exopod length, both lobes attaining the same length in the pair 10; exopod exceeds endopod length in the pair 11.
The first through tenth endopods have the proximal half of their lower margins with plumose setae, half or third the length of the exopod longer plumose setae; lower margin distal half carries slender pectinate setae as long as preceding plumose ones, gradually shortening and becoming more robust to the apex (Fig. 2C) . From pairs 4 through 10, the distalmost pectinate setae on the edge show some isolated additional setules on the surface of each seta (Fig. 2D a,  b) . In pair 10, the plumose setae advance more distally on the margin than in preceding pairs and the few distal pectinate setae are as long as plumose ones, slender and almost straight.
Thoracopods 1 through 10, at their apexes, reveal that the setae decrease in size gradually from lower to medial edge: from the thoracopods 1 to 3, apical setae are pectinate, curved, with some additional setules; from thoracopods 4 through 10, the apical setae are bipectinate and show an additional transversely oblique row of setules, which delimits a distal field on each seta, such as in the most distally setae of the lower edge ( Fig. 2D c) . As the apical setae approach to the medial border, additional parallel rows of setules on their distal fields are added (Fig. 2D  d) . Endopods 1 through 10 have their medial margins with setae similar to the apical setae, but they gradually shorten in proximal direction of the margin.
The thoracopod 11 endopod is subrectangular (Fig. 2B) ; the proximal half of the lower margin bears plumose setae; the distal half of the lower margin is bordered by bipectinate curved setae with fewer and rather thicker setules on the convex edge of the seta, as long as preceding plumose setae, but gradually shortening through the apex to the medial margin. On the medial margin, the setae are similar to those bordering the lower edge but shorter (Fig. 2E ).
All the thoracopods lack cuticular reinforcement along the medial endopod edge.
In all the thoracic appendages, first and second endites present the typical anostracan number and arrangement of anterior and posterior setae (Linder, 1941) . On some of the remaining endites, the number of anterior setae differs from the values stated by Linder (1941) for the genus (Table 1) . However, the number of posterior setae does not differ from Linder through all the thoracopod series: 3, 2 and 1-2 posterior setae on third to fifth endites, respectively. In the first pair, 4 to 3 anterior setae plus a spine were found on the third endite, 6 to 5 plus a spine on the fourth endite, instead of 2 anterior setae for each of both endites proposed by Linder (1941) ; for the fifth endite, 7 or 7 anterior setae plus a spine were found, agreeing with Linder's values. On the other hand, in pairs of thoracopods 2 to 11, the number of anterior setae for the third and fourth endites agrees with the values stated by Linder (1941) : two anterior setae, or one seta and one spine for each of both endites. However, for the fifth endite, unusual high number of anterior setae (8 to 11) were found throughout thoracopods 2 to 7-8; instead, 3 to 7 anterior setae were found from thoracopods 8-9 to 11, agreeing with Linder's Fig. 2 . Branchinecta papillata thoracopods. A, female 1-11 thoracopod series (pre-epipods omitted except in thoracopod 11); B, male 1-11 thoracopod series (pre-epipods omitted except in thoracopod 11); C, male endopod thoracopod 8; D, a, b = detail of distalmost pectinate setae of male endopod thoracopod 8, c, d = detail of apical setae of male endopod thoracopod 8; E, bipectinate seta on medial edge of male endopod thoracopod 11; F, distalmost pectinate setae on medial edge of female endopod thoracopod 2; G, pectinate setae on medial edge of female endopod thoracopod 6; H, bipectinate setae on medial edge of female endopod thoracopod 9; I, female thoracopod 11 (setules of setae omitted). ME = medial edge; LE = lower edge. Scale bars: T 1-11 = 520 μm; T 1-10 = 840 μm; T 11 = 520 μm; C = 500 μm; D a-d, F, G, H = 100 μm; E = 100 μm; I = 100 μm.
values (Table 1) . As shown in Table 1 , there are some divergences among the number of anterior setae in both populations of B. papillata. The divergences from Linder's values for the genus found in the number of both anterior and posterior setae in the Chilean population were not discussed in the original description.
Thoracopods 1 to 10 show elliptical epipod with smooth margins and the pre-epipod has serrated margins and a marginal notch, not mentioned in the Chilean population. In pair 11, the epipod is rather reduced, subrectangular, and bordered by 6 to 9 setae with few setules; the pre-epipod is more reduced, triangular with rounded apex, and a smooth margin (Fig. 2B) .
Genital segments in the Chilean population are slightly produced ventrally; each gonopod bears a medial elongated spine and an apico-lateral denticulate wart-like mound. However, in the Argentinean population, the genital segments present a pair of conspicuous ventral hanging bulges (GB) (Fig. 3A, B) ; the rigid part of each gonopod comes equipped with a verrucose cuticle and bears a hook shaped aphophysis curved to the genital segments (Fig. 3B) . The armature of the retractile part of the gonopod has two dentate warts, one at the gonopod apex and the other proximal to it, as is usual in branchinectids (Linder, 1941) .
Female.-Mean total length from the anterior margin of the head to the end of the telson, 10.2 mm (9.7-10.8 mm), similar to the male and smaller than the Chilean population females. Cercopods are 1.1-1.2 mm in length.
The head bears pedunculate eyes 0.3-0.4 mm in diameter, smaller than in the male. Antenna 1 developed as usual, filiform and slender, 0.9-1.1 mm long, shorter than in the male. Therefore, unlike the male, the antenna 1 length is only 2.5 times the diameter of compound eye and almost 1.5 times the length of the eye plus peduncle. It differs from the Chilean population where the first antenna is 2-2.5 times the length of the eye plus the peduncle. As discussed above, both compound eyes and antenna 1 are smaller than in the male. As in the male, small rounded mounds on the sides and anterior to the naupliar eye have not been observed. Mandible is developed as in the male. Maxilla 1 is as in the male, with 21 long setae plus a strong spine on the limb ventral tip. Maxilla 2 has 6-7 plumose distal setae, plus 3 anteriorly directed densely plumose setae with setules all around.
The thoracopods 1 through 11 ( Fig. 2A) have the endopods subrectangular to oval. In the original description, the female thoracopods are not mentioned, though a drawing of the pair 5 showing the endopod and exopodod is provided (Rogers et al., 2008: Fig. 3D ). However, in the Tucumanian population the shape of these lobes differs ( Fig. 2A) .
In thoracopods 1 through 10, 3/4 of the way proximal to the lower margin of endopod have plumose setae (half or third the length of the longer plumose setae of the exopod); 1/4 distal of the lower margin occur 3-4 long curved pectinate setae, gradually shortening towards the apexes.
The apexes of the endopods bear curved pectinate setae somewhat shorter than preceding ones on the lower edge, and decreasing in size to the medial edge. From thoracopods 3 through 10, some apical pectinate setae show on their surfaces some additional setules that are aligned in an oblique row abutting the pectinate edge; from pair 7, additional setules are also present in the distalmost pectinate setae of the lower edge. The medial margins in thoracopods 1 through 10 carry pectinate curved setae, shorter than apical ones, and with some additional setules obliquely aligned as above described (Fig. 2F-H) . In thoracopods 1 through 3, these setae decrease gradually in length in the proximal direction of the edge; the most proximal ones are straight and pectinate with thin setules, and with some few additional setules on the opposite edge (Fig. 2F) . Thoracopods 3 through 8 display pectinate setae, which on the medial border are less curved and shorten very slightly in the proximal direction of the edge (Fig. 2G) . Thoracopods 6 to 8 have the more proximal setae bipectinate and curved in the opposite direction with respect to the curved setae of the apex (Fig. 2H) ; thoracopods 8 through 11 have all marginal setae also curved in this opposite direction (Fig. 2H) .
Thoracopod 11 (Fig. 2I ) has the lower margin bearing straight and slender setae, the proximal ones plumose, and becoming bipectinate with thin setules in distal direction of the edge. On the apex, the setae are bipectinate with thin setules, and slightly curved to the lower edge; they gradually decrease in size to the medial edge. The setae bordering the medial edge are similar to the apical ones, and gradually shorten and become thinner in the proximal direction of the edge.
In all the thoracopods, the first and second endites exhibit the typical anostracan number and arrangement of anterior and posterior setae (Linder, 1941) . On the remaining endites, the number of anterior setae differs from the values stated by Linder (1941) for the genus in the pair 1 but agrees in regard to the subsequent pairs (Table 1) ; as in the male, the number of posterior setae is typical through all the thoracopod series: 3, 2 and 1-2 posterior setae on endites 3 to 5, respectively. In pair 1, 3 anterior setae plus a spine were found in the third endite, 5 plus a spine in the fourth endite, instead of 2 anterior setae for each of both endites proposed by Linder (1941) ; for the fifth endite, 7 anterior setae were found, agreeing with Linder's values. In the thoracopods 2 to 11, the number of anterior setae for the third, fourth and fifth endites agrees with the values stated by Linder (1941) : 2 anterior setae or one seta and one spine for each of two former endites and 3 to 7 anterior setae for the fifth endite. The number of both anterior and posterior setae on endites third to fifth in the Chilean population females was not mentioned in the original description.
Thoracopods 1 to 10 have epipods and pre-epipods as those in the male. In the pair 11, both lobes are reduced as in the male; the epipods are bordered by 6 to 8 setae with few setules (Fig. 2A, I ).
The ornament on the females from Tucumán reveal the thorax presenting lateral projections somewhat conical or rounded at the tip, appearing double tipped, and gradually decreasing in size from the first to third thoracic segment. Additionally, apically conical or rounded lateral projections are observed increasing in size from the ninth-tenth to eleventh segment, quite strongly in the last two segments. Both genital segments have lateral conical globose projections, appearing to be double tipped, smaller in the second genital segment than in the first, and much larger than the abdominal lateral projections that follow. Conical projections are observed from the first through the fourth and fifth abdominal segments, decreasing in size caudally, and projecting posterolaterally at the level of the posterior edge of each segment. In the dorsal view, the Tucumanian females look clearly widened from the first genital segment to the fourth and fifth abdominal segments, the more posterior abdominal segments are normal (width in the dorsal view, including projections: 1st genital segment: 1.5-1.9 mm; second genital segment: 1.3-1.6 mm; first abdominal segment: 1.2-1.4 mm; second: 1.1-1.2 mm; third: 0.9-1 mm; fourth: 0.8-0.9 mm; fifth: 0.7-0.8 mm; sixth: 0.6-0.7 mm; seventh: 0.5-0.6 mm). In the Chilean females, a pair of lateral broad lamellar projections is only mentioned at the last thoracic segment (second genital segment); abdominal projections, like those in the thorax though more lobiform, decreasing in size, are observed through the first to fourth abdominal segments.
Genital segments reveal that the Argentinean brood pouch is shorter than in the Chilean population, extending up to the fifth abdominal segment. In both populations, the brood pouch is cylindrical or subcylindrical and blunt at the tip. The Tucumanian females have at the tip of the brood pouch a very short dorsal lip (DL) and only the curved ventral lip (VL) extends beyond the gonopore (Fig. 3C) . No mention to the size of lips in Chilean specimens. All the females observed from Tucumán are ovigerous. In the lateral view, the width of the brood pouch at half its length was 1.2-1.4 mm; the width of the abdomen at the same level, 0.8-1.0 mm. In the Argentinean population the ovaries extend more posteriorly than in the Chilean females, reaching the fifth postgenital segment. Egg mean diameter 231 μm (208-260) μm (N = 15), faceted with polygonal cells delimited by crests (39-65 μm length approximately).
Branchinecta achalensis
On the head, small rounded mounds on both sides of the naupliar eye, not mentioned previously for B. achalensis, have been observed in some males and females of La Posta (Fig. 4A a, b) . These mounds are similar to those described for the Chilean population of B. papillata (Rogers et al., 2008) .
Lateral projections at the head anterior edge projecting beyond the general contour of the head, between the insertion of antennae 2 in male B. papillata (Rogers et al., 2008: In B. papillata, the male antenna 2 basal article is angled in shape (best observed in lateral view), due to the presence of a proximal anteromedial bulge (PAMB) (Fig. 1A, B) .
The male antenna 2 of B. achalensis also shows a similar angled shape; however, it is not due to a proximal spiny bulge in the anterior surface of the article but to an elongated very prominent protuberance bearing very typical minute rounded tubercles provided with hyaline setae (Cohen, 1987: Figs 1, 4), not found in B. papillata. In addition, this protuberance bears an oblique series of spines starting on its surface and descending to the level of the article surface; these spines gradually increase in size in direction to the medial edge of the basal article, and go on along this edge almost to the distal end of the article; also, an additional medial row of strong curved spines runs parallel towards the distal part of the article. This armature differs from those observed in B. papillata. Furthermore, distal to the protuberance, at 1/3 of the distal joining of the article, B. achalensis has a rounded conspicuous bulge seeming a hypertrophied sensory area (SB) (Figs 4B; 5A, C; Cohen, 1987: Figs 1, 4) not observed in B. papillata.
In the Argentinean population of B. papillata, the male antenna 2 distal article shows near the junction with the basal article an anterior small linguiform branching form (SLB) ( Fig. 1A-D ; Cohen, 2010: Fig. 3a , b: rd) not described in the Chilean population. In the same position, the male of B. achalensis shows a bigger linguiform or horn-like branching structure (HB) ornamented with small cuticular buttons (Figs 4B; 5A-D), overlooked so far in previous descriptions; as explained above for B. papillata, it is better observed in fixed specimens with flexed than extended antennae 2.
The overall characteristic shape of the male antenna 2 distal article in B. papillata contrasts with B. achalensis in that the distal article is not gouge shaped, and its medial surface is not concave, but rather slightly convex. Furthermore, both anterior and posterior edges of the article are parallel (not convergent), slightly sigmoid (Cohen, 1987) , not bordered by denticles or spines, and lacks a rasp-like area (Figs 4B; 5A, C).
In females, the antenna 2 in B. achalensis shows a conspicuous bulge with 1-5 minute spines on its medial surface (Cohen, 1987) ; this structure has not been observed in B. papillata.
In both sexes, the maxilla 2 in the Argentinean population of B. papillata is typical for the genus, bearing a lower number of plumose distal setae (6-8) than in B. achalensis (11-13) (Cohen, 1987) . In the Chilean B. papillata, this mouthpart is reduced (Rogers et al., 2008) .
On thoracopods 1 through 10, the pre-epipods in both sexes have a marginal notch in the Argentinean B. papillata, not mentioned in the Chilean population; also, B. achalensis lacks a marginal notch. The thoracopod 11 epipod in both sexes is a reduced lobe, with several setae on the edge in the B. papillata from Tucumán ( Fig. 2A, B, I ); these setae are not mentioned in the description of the Chilean population. In B. achalensis, the thoracopod 11 pre-epipod is a triangular reduced lobe; the epipod is not too small with respect to preceding thoracopods and also presents several setae along its borders. Cohen (1987) has described and drawn in detail the limbs setose armature through the thoracopod series. In both sexes, the number of anterior setae in third to fifth endites through the thoracopods 2 to 11, agrees with the values stated by Linder for the genus (1941); on the other hand, in the first pair, 5 and 7 anterior setae are reported in third and fourth endites, respectively (Cohen, 1987) , differing with Linder's values.
Genital segments in males are produced ventrally somewhat more markedly in B. achalensis than in B. papillata (Fig. 3A , B: GB; Cohen, 1987: Fig. 5a, b) and, particularly in the Chilean B. papillata (Rogers et al., 2008 : Fig. 2B ) less markedly than in the Tucumanian population (Fig. 3A, B : GB). The gonopod apophysis is slightly curved in B. achalensis (Cohen, 1987) ; in the Chilean B. papillata it is an elongated spine (Rogers et al., 2008) and in the Argentinean population, is a markedly curved hook (Fig. 3B) . Differing from females of B. papillata, the brood pouch in B. achalensis is not blunt at the tip; instead, it sharpens very gradually toward the apex, where both lips are sub equal or the dorsal lip is slightly longer than the ventral one (Fig. 4C) . The brood pouch is shorter in B. achalensis than in B. papillata, extending to fourth abdominal segment (Fig. 4C) . One brood pouch in B. achalensis had 88 eggs, each of which measured 252 μm (221-273) μm diameter. This value is similar or somewhat larger than others reported for the species: 250 μm, in the populations of Rauch and Pila (Buenos Aires province, Argentina) (Cohen, 1987); 238.4 μm (272.6-204 .1) μm in La Posta population (Córdoba province, Argentina) (César, 1989b) . The egg's corion is faceted with polygonal fields (Fig. 6D) ; the mean length of the crests delimiting the polygonal cells is 66 μm (39-91) μm (sometimes two or three adjacent cells coalesce); previously reported value for La Posta population (César, 1989b) falls within this range (46 μm). B. papillata eggs mean diameter is slightly lower (231 μm); its corion is also faceted with cells whose delimiting crests are (39-65) μm. Similar to B. papillata, ovaries in B achalensis extend from the fifth to sixth thoracic segment to the third to fourth abdominal segment.
Female ornament in the thorax and abdomen of B. papillata reveals paired projections from the first or second genital segment to the fourth or fifth abdominal segment. B. achalensis presents a conspicuous and extended ornament (Figs 4C; 6A; Cohen, 1987: Fig. 10) , with pairs of serial lateral conical projections from the second thoracic segment to the genital segments (Fig. 6A-C : AP, GP) and through a variable number of abdominal segments until segment 5 (Fig. 6A ).
DISCUSSION
Branchiopoda have been long considered as crustaceans with high levels of phenotypic plasticity in response to the highly variable and unstable environments that they inhabit (Rogers, 2001; Dzialowski et al., 2003; Tollrian and Heibl, 2004; Weetman and Atkinson, 2004; Zofkova and Timms, 2009 ). Phenotypic plasticity is the ability of a single genotype to exhibit a range of phenotypes, or alternative morphological, behavioral, and physiological characteristics, in response to variations in the environment (Fordyce, 2006; Garland Jr. and Kelly, 2006) . The recent growing scientific interest on phenotypic plasticity comes from the understanding that it either constitutes a powerful means of adaptation or constraint, or is part of a set of key strategies that ensure survival in changing environments (DeWitt and Scheiner, 2004) . This plasticity is reflected in the great inter and intra-population diversity displayed by anostracans. Rogers et al. (2008) described B. papillata from high altitude ephemeral pools near the road of Salar de Coposa, Atacama, Chile. Later, the range of the species was widened with the report of a population from pools in Cumbres Calchaquíes (Tucumán Province, Argentina) at above 4300 m (Cohen, 2010) . Since several differences in some morphological traits have been found between both populations inhabiting these somewhat isolated high altitude environments, the present detailed comparison was performed in order to demonstrate the great morphological variability displayed by the species. Also, comparisons with B. achalensis from the vicinity of its typical locality were added. On the other hand, a careful observation of the adult anostracans collected by Halloy between 1974 Halloy between -1977 in Cumbres Calchaquíes (see Materials: Additional samples) and reported by this author (Halloy, 1979) cohabiting with L. tucumanensis has been performed in the same area where the Argentinean population of B. papillata was recently sampled (Cohen, 2010) . Amazingly, the revision of the sample FML 01046 revealed the presence of some adults and juvenile specimens allocated to the recently described Branchinecta brushi Hegna and Lazo-Wasem, 2010 . This represents the first report for the species from Argentina. The description of this species has been based on the specimens found in a pool in the crater of Cerro Paniri (22.08
• S, 68.25
• W), at 5946 m, Antofagasta province, Chile (Hegna and LazoWasem, 2010) . The sample FML 01045 presents only two adult males of a yet indeterminate species. Consistently, the Chilean and Argentinean populations of both B. brushi and B. papillata, have been found at high altitude locations and are biogeographically included in the Andean Region, Paramo-Punan subregion (Morrone, 2001 ) (= South American Transition Zone between Neotropical and Andean Regions, according to Morrone, 2004 Morrone, , 2006 .
Just as in other filter-feeding Branchinecta, the sexual dimorphism shown in Chilean and Argentinean populations of B. papillata, in the size of compound eye and first antenna, both bigger in the male, and in the shape of endopods and setose armature of the thoracopods, matches well with the hypothesis of intra-specific sexual trophic segregation in energy-poor environments proposed by Daborn (1978 Daborn ( , 1979 . In temporary water bodies, where the available environmental resources are low, females and males guided by sensory organs of different development, would thrive and forage in different places of the biotope obtaining the food in a different manner according to the types of setae of their thoracopods (plumose, pectinate, etc.). Thus, intraspecific competence between sexes could be avoided. On the other hand, in the few predatory branchinectid species (Lynch, 1937; Rogers et al., 2006) , the development of sensory organs and the morphology of endopods and their setose armature are similar between sexes, which would imply feeding on the same food in the same places of the water body. As it was expected, B. achalensis also presents a striking dimorphism in compound eye diameter and thoracopods (Cohen, 1987) .
Unlike in the Chilean population of B. papillata (Rogers et al., 2008) , in the Tucumán population, rounded mounds on the head, like those present in females and males from some populations of Branchinecta granulosa Daday, 1902 (Cohen, 1992 , 1995a have not been observed. In his description of B. granulosa, Daday mentioned two small mounds provided with a sensorial seta in the front of the male at both sides of the naupliar eye. Small mounds have not been observed in the front of the sole female described by Daday (1902) , but this specimen was very young, not yet ovigerous. Later, in his redescription of the species, Daday (1910) did not mention again these structures. Cohen (1995a) found these small mounds in both sexes in material of B. granulosa from some Patagonian populations, such as from surroundings of Coyle (Santa Cruz province, Argentina), while in others they were absent (personal observation). In fact, some populations of B. granulosa, Branchinecta vuriloche Cohen, 1985 , Branchinecta iheringii Lilljeborg, 1889 (Cohen, 1995b , and Branchinecta papillosa Birabén, 1946 (personal observation) also either could possess, with diverse intra and inter-specific development, rounded mounds on either side of the naupliar eye, sometimes together with a conical mound just above the naupliar eye, or could be devoid of any of these structures. In addition, small rounded mounds on both sides of the naupliar eye (Fig. 4A a, b) , not mentioned previously for the species, have been observed in some males and females of B. achalensis. These mounds are similar to those described for the Chilean population of B. papillata. Taking this variability into account, the presence or absence (or inconspicuousness) of these structures should not have a diagnostic specific value and could be considered as a complementary descriptive character.
Some other features (shape of gonopod apophysis and brood pouch, extension of female ornamentation of thorax and abdomen) also can show certain degrees of variability depending on the population, the age or size of the specimens, or the environmental conditions. Given the high adaptive plasticity displayed by fairy shrimps, other differences here stressed could be considered as diversity or phenotypic variability of the species, or even could be aspects overlooked in the original description. The greater the diversity the more difficult is the taxonomic identification, but the more we know about the diversity of a taxon the better its identity can be determined. On the other hand, the structure of the male antenna 2 is a very conservative feature in anostracans, most probably related with their involvement in sexual recognition and clasping the female prior to copulation (Linder, 1941; Brendonck and Belk, 1997; Rogers, 2002) . Accordingly, taxonomists regard it as the principle means of specific characterization (Lynch, 1972; Martin and Boyce, 2004) .
Beyond the above mentioned morphological differences, the overall gouged shape of the male antenna 2 distal article, with denticulate edges and rasp like area at the tip, is found in both populations of B. papillata ( Fig. 1A-D ; Rogers et al., 2008 : Fig. 3E -G) and should be considered as a diagnostic feature for the species.
As Rogers et al. (2008) showed, both B. papillata and B. achalensis present a similar angled shape in the basal article of the male antenna 2, but this is due to the presence of different structures: a proximal anteromedial spiny bulge ( Fig. 1A, B ; Cohen, 2010: Fig. 3a, b) , and an elongated prominent protuberance with minute rounded tubercles and spines (Cohen, 1987: Figs 1, 4) . On the other hand, in the Argentinean population of B. papillata and in B. achalensis from La Posta, the distal article of the male antenna 2 shows a branching near the junction with the basal article (Figs 1A-D; 4B; 5A-D); this structure is not described in the Chilean population of B. papillata. Other anostracan families contain genera with or without branching in the proximal part of the distal article, but Branchinecta paludosa (Müller, 1788) has been so far the only branchinectid with a small proximal branch on this article (Linder, 1941) . In this paper, B. papillata and B. achalensis are added to the list of Branchinectidae exhibiting such a branched distal article. According to Linder (1941) the presence of this branching has no value at the genus level. In B. achalensis, the distal article is not gouge shaped, is devoid of denticles (Cohen, 1987) , and lacks the rasp-like area at the tip. Both species also differ in the morphology of the female second antenna, which has a medial, conspicuous spiny bulge in B. achalensis (Cohen, 1987: Figs 11, 18-21) lacking in B. papillata.
Male genital segments in both species are produced ventrally, albeit less markedly in B. papillata (Fig. 3A, B ; Cohen, 1987: Fig. 5a, b; Rogers et al., 2008: Fig. 2B ). The shape of the gonopod apophysis also differs between both populations of B. papillata, and with B. achalensis ( Fig. 3B ; Cohen, 1987: Fig. 5a, b; Rogers et al., 2008: Fig. 2B ). However, the perceived shape of this apophysis can vary greatly with the angle of view of the gonopod.
In the female, the shape of brood pouch and the gonopore lips differ between both species (Figs 3C, 4C ; Rogers, 2008: Fig. 2C) . A detailed comparison between both species in the shape and armature of thoracopods has been shown above. The presence of setae in the limb 11 epipod in B. achalensis (Cohen, 1987) and in the Tucumanian population of B. papillata ( Fig. 2A, B, I ) was not mentioned in the Chilean population. This setose armature has been also described in other species of Branchinecta, such as Branchinecta somuncurensis Cohen, 1982 , Branchinecta rocaensis Cohen, 1983 , and B. iheringii (Cohen, 1995b .
The female ornament on the thorax and abdomen is more conspicuous and extended in B. achalensis (Cohen, 1987) than in B. papillata. However, its development also differs between both populations of B. papillata. Therefore, due to the great variability among populations and even among specimens within the same population, this trait should only have a descriptive and complementary value.
In their original description, Rogers et al. (2008) pointed out a close similarity between B. papillata and B. achalensis based on a similar basic morphology of the male second antenna, and the female abdominal and genital morphology. However, the same authors stressed that both species are easily separated by their differences. The comparison between both species has shown marked differences also in those diagnostic characters in the male as in the female. Moreover, both species inhabit completely different environments. Consequently, in a morphological basis, a close relationship between the two species can not be sustained.
In the introduction of their paper, Rogers et al. (2008) pointed out the presence of twenty-nine anostracan species amongst three families in the Neotropical Region, i.e., Artemiidae, Branchinectidae, and Thamnocephalidae. However, they mentioned only fourteen of the seventeen South American species of Branchinecta known at that time (now, eighteen) and nine out of the twelve known species of the Neotropical genus Dendrocephalus (Rabet and Thiéry, 1996) . Also, they stressed the few studies conducted on Chilean anostracans and reported that all the studies on this taxon have been focused on the populations of Artemia in the North (Atacama Desert) and in the South (Magallanes Region). Notwithstanding, there are several publications on diverse Chilean populations of Artemia in intermediate locations between 18
• to 53
• S latitude, all throughout that country (Amat et al., 1994; Zúñiga et al., 1999; Crespo and Baessolo, 2002; Gajardo et al., 2004; Castro et al., 2006) . Finally, in the discussion of their paper, these authors stressed that "the greatest number of reported anostracan species in Argentina is in the Buenos Aires vicinity. . .". However, the distribution of anostracan fauna from Argentina, as shown in Cohen (1998) extends beyond the vicinity of Buenos Aires. Sixteen from the eighteen up to now known South American species of Branchinectidae and some species of three of the six known thamnocephalid genera, Dendrocephalus, Phallocryptus and Thamnocephalus, have been described or recorded throughout Argentina. Concerning to Artemiidae, several populations of Artemia have been identified from Chaco province (Comandancia Frías, 24 • 30 S) to the most Southern location of the species in the Chilean Tierra del Fuego (Laguna de los Cisnes, 53
• 15 S) (Cohen et al., 1999; Papeschi et al., 2000; Amat et al., 2004; Ruiz et al., 2007; Papeschi et al., 2008) .
